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ZKLFKLVZK\WKHUHVXOWLQJPDSSLQJIXQFWLRQGHSHQGVRQKLVWRULFDOGDWD
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LQSXWV IRUHDFKRXWSXW,QSXWLV WKHQXPEHURI$6RUQRGHVLQ WKHQHWZRUN,QSXWLV WKHQRGHGHJUHHRUDYHUDJH
GHJUHH,QSXWLVWKHGLDPHWHUDQG,QSXWFRPSULVHVWKHGLIIHUHQW05$,YDOXHVEHWZHHQDQG]HURVHFRQGVWKDW
KDYHEHHQDSSOLHGWRHDFKFDVH7KHRXWSXWLVWKHFRQYHUJHQFHWLPHLQVHFRQGVDQGWKHQXPEHURIXSGDWHPHVVDJHVIRU
HDFKFDVHZDVUHFRUGHG7KHUHVXOWVIRUWKLVVWHSLQFOXGHWZRPRGHOVRQHIRUWKHFRQYHUJHQFHWLPHDQGWKHRWKHUIRU
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PRGXOHIRUWKHQXPEHURIXSGDWHPHVVDJHV
423 E.A. Alabdulkreem et al. /  Procedia Computer Science  62 ( 2015 )  419 – 426 

 3DUWLFOH6ZDUP2SWLPL]DWLRQ362DOJRULWKP

7KH362DOJRULWKPPLPLFVWKHEHKDYLRXURIIORFNLQJELUGV&RQVLGHUDVFHQDULRZKHUHHYHU\ELUGLQDJURXSLV
VHDUFKLQJIRURQHSLHFHRIIRRGWKHELUGVGRQRWNQRZZKHUHWKHIRRGLVEXWWKH\GRNQRZKRZIDUDZD\WKHIRRGLV
DWDQ\ LWHUDWLRQ ,Q WKLVVLWXDWLRQ WKHEHVWVWUDWHJ\ZRXOGEH WR IROORZWKHQHDUHVWELUG WR WKHIRRG>@7KHVDPH
VFHQDULRLVXVHGWRVROYHWKHRSWLPLVDWLRQSUREOHPVLQD362DOJRULWKPZKHUHHDFKVROXWLRQRUSDUWLFOHUHSUHVHQWVD
ELUGZLWKLQWKHVHDUFKVSDFH7KHUHDUHILWQHVVYDOXHVIRUDOOWKHSDUWLFOHVWREHRSWLPLVHGE\WKHILWQHVVIXQFWLRQDQG
KDYHYHORFLW\WKDWGLUHFWWKHSDUWLFOHVSDVVDJH7KHSDUWLFOHVIROORZWKHFXUUHQWRSWLPXPSDUWLFOHVWRSDVVWKURXJKWKH
SUREOHPVSDFH
)LUVWZKHQDJURXS
VUDQGRPSDUWLFOHLQLWLDOL]DWLRQLVFRPSOHWHGWKHVHDUFKHVDUHXSGDWHGIRUWKHRSWLPDOSDUWLFOHV
:LWKHDFKLWHUDWLRQHYHU\SDUWLFOHLVXSGDWHGEDVHGRQWKHWZREHVWYDOXHV7KHILUVWLVWKHSDUWLDOEHVWYDOXHZKLFKLV
WKHEHVWILWQHVVVROXWLRQDFKLHYHGVRIDU7KHRWKHULVWKHJOREDOEHVWYDOXHZKLFKLVWKHEHVWYDOXHREWDLQHGE\DQ\
SDUWLFOHLQWKHSRSXODWLRQ7KHEHVWYDOXHLVWKHSDUWLFOHWKDWWDNHVSDUWRIWKHSRSXODWLRQDVLWVWRSRORJLFDOQHLJKERXUV
)RUHDFKLWHUDWLRQWKHEHVWYDOXHVIRUWKHWLPHUDUHIRXQGHGLQHDFKPRGXOH7KHQDJOREDOYDOXHLVIRXQGEHWZHHQ
DOOWKHIRXQGHGYDOXHVLQDOOWKHLWHUDWLRQV,QWKLVZRUNWKHDOJRULWKPLGHQWLILHGWKUHHVHFRQGVDVWKHEHVWYDOXHIRUWKH
05$,DVLWPD[LPDOO\UHGXFHGWKHFRQYHUJHQFHWLPHZLWKRXWLQFUHDVLQJWKHQXPEHURIDGYHUWLVHPHQWPHVVDJHV

5HVXOWVDQGGLVFXVVLRQ
)RUHDFKVLPXODWHGH[SHULPHQWDVLQJOHQRGHZDVGLVFRQQHFWHGE\WKHIDLOXUHHYHQW$VWKLVFDXVHGDURXWLQJFKDQJH
LQ WKHQHWZRUN WKH%*3URXWHUVHQW WKHXSGDWHGPHVVDJH ,Q WKHRULJLQDO%*3VFHQDULR WKH05$,YDOXHZDV WKH
GHIDXOWYDOXHKRZHYHULQWKHRSWLPLVHG%*3VFHQDULRWKH05$,YDOXHZDVWKHYDOXHUHFRPPHQGHGE\WKLVZRUN
7KHFRQYHUJHQFHWLPHDQGQXPEHURIELWVVHQWZHUHUHFRUGHG7KHZKROHSURFHVVZDVUHSHDWHGEXW WKHVLPXODWHG
H[SHULPHQWEHFDPHDQHWZRUNZLWKDGLIIHUHQWWRSRORJ\
)LJXUHVKRZVWKHUHVXOWIRUWKHQHWZRUNZLWKQRGHV7KH[D[LVGLVSOD\VWKHWLPHPLQXWHVVWDUWLQJDW
DQGVWRSSLQJDW7KH\D[LVGLVSOD\VWKHQXPEHURIVHFRQGVLWWRRNWKH%*3SURWRFROWRFRQYHUJHFRQYHUJHQFH
WLPH$WDIWHUPLQXWHVRQHRIWKHOLQNVIDLOHGDQGWKH%*3SURWRFROQHHGHGWRFRQYHUJH$VVKRZQLQWKH
ILJXUH WKH RULJLQDO %*3 ZLWK WKH GHIDXOW 05$, YDOXH WKH EOXH FXUYH UHDFKHG  VHFRQGV EHIRUH FRQYHUJLQJ
+RZHYHU WKH RSWLPLVHG %*3 ZLWK WKH SURSRVHG 05$, YDOXH UHG FXUYH UHDFKHG  VHFRQGV WKHUHIRUH WKH
FRQYHUJHQFHWLPHZDVUHGXFHGLQWKHRSWLPLVHGVFHQDULRZKHUHWKHYDOXHRIWKH05$,ZDVWKUHHVHFRQGV
)LJXUHVKRZVWKHUHVXOWZLWKWKH[D[LVGLVSOD\LQJWKHWLPHPLQXWHVVWDUWLQJDWDQGVWRSSLQJDW
7KH\D[LVGLVSOD\HGWKHQXPEHURIELWVVHQWE\WKH%*3SURWRFRO:KHQRQHRIWKHOLQNVIDLOHGDIWHUPLQXWHVDW
WKH%*3SURWRFROQHHGHGWRFRQYHUJH7KHRULJLQDO%*3ZLWKWKHGHIDXOW05$,YDOXHEOXHFXUYHDQGWKH
RSWLPLVHG%*3ZLWKWKHSURSRVHG05$,YDOXHUHGFXUYHVHQWWKHVDPHDPRXQWVRIELWV
)LJXUHVKRZVWKHUHVXOWIRUWKHQRGHQHWZRUNZLWKWKH[D[LVGLVSOD\LQJWKHWLPH7KHVFHQDULRWRRNPLQXWHV
VWDUWLQJ DW  DQG VWRSSLQJ DW 7KH\D[LV GLVSOD\HG WKHQXPEHURI VHFRQGV LW WRRN WKH%*3SURWRFRO WR
FRQYHUJHFRQYHUJHQFHWLPH:KHQRQHRIWKHOLQNVIDLOHGDIWHUPLQXWHVDWWKH%*3SURWRFROQHHGHGWR
FRQYHUJH$VVKRZQLQWKHILJXUHWKHRULJLQDO%*3ZLWKWKHGHIDXOW05$,YDOXHEOXHFXUYHUHDFKHGVHFRQGV
EHIRUHFRQYHUJLQJ7KHFXUYHLQUHGLVWKHFRQYHUJHQFHWLPHIRUWKHRSWLPLVHG%*3ZLWKWKHSURSRVHG05$,YDOXH
VHFRQGV
)LJXUHVKRZVWKHUHVXOWZLWKWKH[D[LVGLVSOD\LQJWKHWLPHPLQXWHVVWDUWLQJDWDQGVWRSSLQJDW
7KH\D[LVGLVSOD\VWKHQXPEHURIELWVVHQWE\WKH%*3SURWRFRO:KHQRQHRIWKHOLQNVIDLOHGDIWHUPLQXWHVDW
WKH%*3SURWRFROQHHGHGWRFRQYHUJH7KHRULJLQDO%*3ZLWKWKHGHIDXOW05$,YDOXHEOXHFXUYHDQGWKH
RSWLPLVHG%*3ZLWKWKHSURSRVHG05$,YDOXHUHGFXUYHVHQWWKHVDPHDPRXQWVRIELWV
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
)LJXUHVKRZVWKHWUHQGOLQHIRUWKHFRQYHUJHQFHWLPH7KH[D[LVGLVSOD\VWKHWLPHPLQXWHVVWDUWLQJDW
DQGVWRSSLQJDW7KH\D[LVGLVSOD\VWKHQXPEHURIVHFRQGVLWWRRNWKH%*3SURWRFROWRFRQYHUJH:KHQRQHRI
WKHOLQNVIDLOHGDIWHUPLQXWHVDWWKH%*3SURWRFROQHHGHGWRFRQYHUJH7KHILJXUHVKRZVWKDWWKHRULJLQDO
%*3ZLWKWKHGHIDXOW05$,YDOXHEOXHFXUYHUHDFKHGVHFRQGVEHIRUHFRQYHUJLQJ
7KHFRQYHUJHQFHWLPHIRUWKHRSWLPL]HG%*3ZLWKWKHSURSRVHG05$,UHDFKHGVHFRQGV$VVKRZQWKHWUHQG
OLQHIRUWKHRULJLQDO%*3EOXHFXUYHLQFUHDVHVIDVWHUWKDQWKHWUHQGOLQHIRUWKHRSWLPL]HG%*3UHGFXUYHZKLFK
PHDQVWKDWWKHFRQYHUJHQFHZDVIDVWHUZLWKWKHRSWLPL]HGWKDQWKHRULJLQDOWKDWLVWKHGHOD\ZDVUHGXFHG
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2SWLPL]HG%*3
2ULJLQDO%*3
7LPH
)LJ&RPSDULVRQEHWZHHQWKHQXPEHUVRIXSGDWHPHVVDJHV
ZLWKWKHGHIDXOW%*3DQGWKHRSWLPLVHG%*3IRUWKHQRGH
QHWZRUN
2ULJLQDO%*3
2SWLPL]HG%*3
7LPH
)LJ&RPSDULVRQEHWZHHQWKHFRQYHUJHQFHGXUDWLRQZLWKWKH
GHIDXOWYDOXHDQGWKHRSWLPXPYDOXHUHFRPPHQGHGE\WKLVSDSHU
IRUWKHQRGHQHWZRUN
2SWLPL]HG%*3
2ULJLQDO%*3
7LPH
2ULJLQDO%*3
2SWLPL]HG%*3
7LPH
)LJ&RPSDULVRQEHWZHHQWKHFRQYHUJHQFHWLPHZLWKWKH
GHIDXOWDQGWKHRSWLPXPYDOXHUHFRPPHQGHGE\WKLVSDSHU
IRUWKHQRGHQHWZRUN
)LJ&RPSDULVRQEHWZHHQWKHQXPEHUVRIXSGDWHPHVVDJHV
ZLWKWKHGHIDXOW%*3DQGWKHRSWLPLVHG%*3IRUWKHQRGH
QHWZRUN
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
)LJXUHVKRZVWKHQHWZRUNFRQYHUJHQFHDFWLYLW\IRUWKUHHGLIIHUHQWVFHQDULRVWKHRULJLQDO%*3WKHJKRVW
IOXVKLQJDVLWLVWKHPRVWFLWHGLGHDDQGWKHRSWLPLVHG%*3EDVHGRQWKLVSDSHU7KH[D[LVGLVSOD\VWKHWLPH
PLQXWHVVWDUWLQJDWDQGVWRSSLQJDW7KH\D[LVGLVSOD\VWKHQXPEHURIVHFRQGVLWWRRNWKH%*3SURWRFRO
WRFRQYHUJH:KHQRQHRIWKHOLQNVIDLOHGDIWHUPLQXWHVDWWKH%*3SURWRFROQHHGHGWRFRQYHUJH$VVKRZQ
LQWKHILJXUHWKHRULJLQDO%*3ZLWKWKHGHIDXOW05$,YDOXHEOXHFXUYHUHDFKHGVHFRQGVEHIRUHFRQYHUJLQJ7KH
%*3EDVHGRQWKHJKRVWIOXVKLQJ LGHDUHGFXUYHUHTXLUHGVHFRQGVWRFRQYHUJH7KHFRQYHUJHQFH WLPHIRUWKH
RSWLPLVHG%*3ZLWKWKHSURSRVHG05$,YDOXHZDVVHFRQGV
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&RQFOXVLRQ
7KLVSDSHUDLPHGWRLGHQWLI\WKHRSWLPXPYDOXHIRUWKH05$,WLPHUWKDWFRXOGPD[LPDOO\UHGXFHFRQYHUJHQFHWLPH
ZLWKRXW LQFUHDVLQJ WKH QXPEHU RI DGYHUWLVHPHQW PHVVDJHV :H H[DPLQHG GLIIHUHQW QHWZRUNV ZLWK YDULRXV
FRQILJXUDWLRQV )RU HDFK QHWZRUN D GLIIHUHQW VFHQDULRZDV FRQILJXUHG XVLQJ WKH231(7 WRRO )RU HDFK VFHQDULR
GLIIHUHQW05$, YDOXHVZHUH DSSOLHG DQG WKH UHVXOWV IRU FRQYHUJHQFH WLPH DQG QXPEHU RI XSGDWHPHVVDJHVZHUH
FROOHFWHG7KHUHVXOWVZHUHXVHGWRWUDLQWKH1HXUR)X]]\V\VWHPWRSURYLGHWZRPRGXOHVRQHIRUWKHFRQYHUJHQFH
WLPHDQGDQRWKHU IRU WKHQXPEHURIXSGDWHPHVVDJHV7KH362DOJRULWKPZDVDSSOLHG WR WKHPRGXOHV WR ILQG WKH
RSWLPXPYDOXHIRUWKH05$,WLPHU
,W LVFRQFOXGHG WKDW WKHRSWLPXPYDOXH IRU WKH05$, LV VHFRQGV:LWK WKLVYDOXH WKHFRQYHUJHQFH WLPHZDV
UHGXFHGE\PLQLPXPDVVHHQLQILJXUHVDQG7KHQXPEHURIXSGDWHPHVVDJHVZDVWKHVDPHILJXUHVDQG
7KLVUHVXOWSURYHVWKHJUHDWVHQVLWLYLW\RIWKH%*3WRPLQRUPRGLILFDWLRQVRIVRPHRILWVSDUDPHWHUV
)XWXUHZRUNZLOOEHUHODWHGWRSDWKH[SORUDWLRQDVWKHUHLVDQHHGWRLPSURYHWKHVSHHGRIWKLVSURFHVVZKLFKZLOO
FHUWDLQO\UHGXFHWKHWLPHUHTXLUHGIRUWKH%*3FRQYHUJHQFH
2ULJLQDO%*3
WUHQGOLQH
2SWLPL]HG%*3
WUHQGOLQH
7LPH
)LJ&RPSDULVRQEHWZHHQWKHWUHQGVOLQHVIRUWKHFRQYHUJHQFH
WLPHZLWKWKHGHIDXOWDQGWKHRSWLPXPYDOXHUHFRPPHQGHGE\
WKLVSDSHU
%*32ULJLQDO
%*3*KRVW
%*32SWLPLVHG
7LPH
)LJ&RPSDULVRQEHWZHHQWKHWUHQGVOLQHVIRUWKHQXPEHURI
WKHXSGDWHPHVVDJHVZLWKWKHGHIDXOW%*3DQGWKHRSWLPLVHG
%*3
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